velopmental disorder of respiratory control that may persist until a postmenstrual age of 44 weeks in very immature infants. 1 Caffeine is the respiratory stimulant of choice for the treatment of apnea. 2 A recent analysis of a large administrative data set found that caffeine is the most frequently used medication in preterm neonates. 3 Caffeine has been called a "silver bullet in neonatology" 4 because of its many proven benefits and few known risks: The international, randomized, placebocontrolled Caffeine for Apnea of Prematurity trial has shown that caffeine therapy reduces the duration of exposure to positive airway pressure and supplemental oxygen and the rates of neonatal morbidities, including bronchopulmonary dysplasia and severe retinopathy of prematurity; improves the rate of survival without neurodevelopmental impairment at 18 to 21 months of age; and is cost-effective. [5] [6] [7] However, outcomes up to 2 years after very preterm birth may not accurately predict function later in childhood. [8] [9] [10] [11] [12] We studied the children who were enrolled in the Caffeine for Apnea of Prematurity trial at a corrected age of 5 years to detect lasting or pre- viously unrecognized consequences of caffeine therapy. In this article, we describe the effects of caffeine on motor function, cognition, behavior, hearing, vision, and general health when the study participants were old enough to enter school.
METHODS

Initial Study
Between October 11, 1999 , and October 22, 2004, we randomly assigned 2006 preterm infants to receive caffeine citrate or normal saline placebo until drug therapy for apnea of prematurity was no longer needed. Infants with a birth weight of 500 to 1250 g were eligible for this study if their clinicians considered them to be candidates for caffeine therapy during the first 10 days of life. The median age at randomization was 3 days. Indications for the use of caffeine were to prevent or treat apnea and to facilitate the removal of an endotracheal tube. Infants were excluded if they had congenital abnormalities, were unlikely to be available for longterm follow-up, or had received previous treatment with a methylxanthine.
A computer-generated randomization scheme was used to assign infants to the 2 groups in a 1:1 ratio. Randomization was stratified by study center and balanced in random blocks of 2 or 4 patients. 5 Infants who were part of multiple births were randomized individually. A loading dose of 20 mg of caffeine citrate per kilogram of body weight or an equivalent volume of normal saline was followed by a daily maintenance dose of 5 mg per kilogram. If apneas persisted, the daily maintenance dose could be increased to a maximum of 10 mg of caffeine citrate per kilogram. The drug was monitored according to its clinical effect only. 13 The median duration of treatment with study drug was 37 days (interquartile range, 24 to 46 days) in the caffeine group and 36 days (interquartile range, 23 to 46 days) in the placebo group. The median postnatal age at which the last dose of study drug was administered was 34.4 weeks (interquartile range, 33.0 to 35.9 weeks) in the caffeine group and 34.7 weeks (interquartile range, 32.9 to 36.1 weeks) in the placebo group. 5 The research ethics boards of all clinical centers approved the protocol. Written informed consent was obtained from a parent or guardian of each infant. An investigational new drug application was filed with Health Canada, clinical trial notification applications were filed in Australia, and appropriate regulatory approvals were obtained elsewhere. An external data and safety monitoring committee reviewed the study data regularly during the enrollment phase. 5 The primary outcome was death before a corrected age of 18 months or survival with 1 or more of the following: cerebral palsy, cognitive delay, severe hearing loss, and bilateral blindness. 6 Cognitive delay was defined as a Mental Development Index score of less than 85 (1 SD below the mean of 100) on the Bayley Scales of Infant Development II. 14 We previously reported these outcomes, including the finding that caffeine improved the rate of survival without neurodevelopmental disability (odds ratio adjusted for center, 0.77; 95% CI, 0.64-0.93) by reducing the risks of cerebral palsy and cognitive delay. 6 The children's families and all clinicians and researchers have remained unaware of the random assignments to neonatal caffeine or placebo treatment throughout this study and beyond the present 5-year follow-up. At the Data Coordinating and Methods Center, only the senior biostatistician (R.S.R.) had access to the study treatment code.
Present Study
Four of the original 35 clinical centers did not participate in the 5-year followup. These 4 centers had enrolled 74 infants in the initial trial, leaving 1932 children eligible for the present study. The research ethics boards of all participating centers approved the follow-up protocol. Written informed consent was obtained from a parent or guardian of each child. We attempted to contact the families of all surviving children, even if no contact had been made at 18 months. The target date for the 5-year follow-up was corrected for the degree of prematurity by adding the difference between the child's day of birth and the term due date to the fifth birthday. Completing the assessment within 6 months of the target date was recommended, but efforts to locate and assess the children continued beyond this age when necessary. Race or ethnic group was self-reported and recorded according to predetermined categories that were appropriate for this international cohort of families.
Main Outcome at 5 Years
The main outcome at 5 years was a composite of death before a corrected age of 5 years or survival with 1 or more of the following: motor impairment, cognitive impairment, behavior problems, poor general health, severe hearing loss, and bilateral blindness. 15 Motor impairment was determined with the use of the Gross Motor Function Classification System (GMFCS).
16
A child with normal motor function has a symmetric gait at 5 years and can run well, jump with both feet, and hop on 1 foot. GMFCS levels between 1 and 5 indicate increasing limitations of gross motor function.
To be consistent with the GMFCS analyses that were performed at 18 months, the definition of motor impairment in the protocol for the 5-year follow-up was revised from a GMFCS level greater than 3 to one greater than 2 (GMFCS 3-5).
15
Severe cognitive impairment was defined as a Full Scale IQ of less than 70 (2 SD below the mean of 100) on the Wechsler Preschool and Primary Scale of Intelligence III. 17 Site investigators used their respective national test norms. If a national version of the Wechsler Preschool and Primary Scale of Intelligence III was not available or was no longer appropriate for the age of the child, Full Scale IQ values from similar standardized tests were used. This was the case for 45 children. The Full Scale IQ was assumed to be less than 70 if the child could not complete the testing because of severe developmental delay or severe autism.
Parents completed the Child Behavior Checklist. 18 This questionnaire identifies a broad range of behavioral problems and can be used for children from diverse geographic and cultural backgrounds. 19 A behavior problem was defined as a Total Problem T score (range, Abbreviations: IQR, interquartile range; MDI, Mental Development Index. a These data are for the 1640 children with adequate information for the ascertainment of the composite primary outcome at a corrected age of 5 years. Percentages may not sum to 100 because of rounding. b The 10th percentile for gestational age in a normal population was as reported by Kramer et al. 23 c Disability at a corrected age of 18 months was defined as survival with 1 or more of the following: cerebral palsy, cognitive delay, hearing loss requiring amplification, and bilateral blindness. This outcome is for children with adequate data at 18 months (805 in the caffeine group and 781 in the placebo group). d This outcome is for children who were alive at a corrected age of 18 months and who received a neurologic examination (770 in the caffeine group and 742 in the placebo group). e MDI was determined with the Bayley Scales of Infant Development II. This outcome is for children who were alive at a corrected age of 18 months and who were tested (742 in the caffeine group and 718 in the placebo group). f These data exclude maternal caregivers and families of 59 children in the caffeine group and 58 children in the placebo group who died before a corrected age of 5 years. g Race was self-reported.
28 to 100) of greater than 69 (2 SD above the mean of 50). 18 Poor general health was defined as 1 or more of the following: need for supplemental oxygen, positive airway pressure, feeding through a tube or intravenously, seizures occurring more frequently than once per month, or a recent admission to an intensive care unit for complications resulting from a neonatal morbidity. Severe hearing loss was defined as the prescription of hearing aids or cochlear implants. Bilateral blindness was defined as a corrected visual acuity less than 20/200 in the better eye.
Other Outcomes
The Movement Assessment Battery for Children was used to examine motor performance, including manual dexterity, ball skills, and static and dynamic balance. 20 Standardized total impairment scores range from 0 to 40, with lower scores indicating better performance. Visual-motor integration, visual perception, and motor coordination were tested with the Beery-Buktenica Developmental Test of Visual-Motor Integration. 21 Standard scores have a mean of 100 and a standard deviation of 15, with higher scores indicating better performance.
Height, weight, and head circumference were measured during the clinic visit. Because the results of all psychometric tests and of the Child Behavior Checklist were corrected for the degree of prematurity, individual percentiles for height and weight were computed in the data center according to the corrected age at the assessment.
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Statistical Analysis
This 5-year follow-up study was designed in 2003, more than 3 years be- Abbreviation: OR, odds ratio. a The odds ratio has been adjusted for the gestational age and sex of the infant, the mother's education at the assessment, antenatal administration of corticosteroids, and multiple births, in addition to center. b This outcome is for all children whose vital status was known at a corrected age of 5 years. c Data for this outcome exclude children who died before the scheduled tests and those who were alive but were not tested. However, data for this outcome may include children who had incomplete assessments at 5 years. d Motor impairment was defined as a Gross Motor Function Classification System level of greater than 2. e The odds ratio for this outcome was not adjusted for center because there were too few events. f Cognitive impairment was defined as a Full Scale IQ of less than 70. g Behavior problem was defined as a Total Problem T score of greater than 69 for the Parent Form of the Child Behavior Checklist. fore the participants' outcomes at 18 months for the Caffeine for Apnea of Prematurity trial were known. In our sample size estimation for the composite outcome at 18 months, we had assumed a control group event rate between 20% and 30%, although the observed event rate at 18 months was higher. To retain similar statistical power with the available fixed sample size, we chose the criteria for abnormality at 5 years such that our estimated control group event rate for the composite main outcome was in the same range. Assuming an incidence of death or impairment of 25% and an ascertainment rate of 85%, we had a statistical power of 80% to detect a 22% relative reduction in the risk of the combined main outcome at 5 years. Because randomization was stratified by study center, the analyses of all dichotomous outcomes were adjusted with the use of a logistic regression model that included terms for treatment and center (smaller centers were combined). The regression coefficient associated with treatment in the fitted model yielded a point estimate and 95% CI for the treatment effect expressed as an odds ratio. The quotient of the estimated coefficient and its standard error provided a z-test statistic for the test of the null hypothesis of no treatment effect. An ordinal logistic model was used in a secondary analysis of the GMFCS data. The mean differences between the 2 groups for quantitative outcomes were adjusted for center with multiple linear regression. The relationship between the gain in cognitive function at 5 years and the Mental Development Index score at 18 months was estimated with a linear regression model.
All P values were 2-sided and considered significant if P Ͻ .05. SAS version 9.1 was used for all statistical analyses. We chose a composite primary outcome to protect against the problems of multiple testing. Additional adjustments for multiple comparisons were not made.
RESULTS
Study Participants
The numbers of infants who were randomly assigned to receive neonatal caffeine or placebo therapy and the numbers assessed at a corrected age of 5 years are shown in FIGURE 1. Follow-up assessments began on March 12, 2005 , and ended on January 26, 2011. Adequate data for an analysis of the primary composite outcome were available for 1640 (84.9%) of the 1932 children who were eligible for this study.
The characteristics of these 1640 children and of their maternal caregivers and families were broadly similar in the 2 groups (TABLE 1). The eTable shows the characteristics of participants and nonparticipants in the 5-year followup. As in the initial study, the rates of death or disability at 18 months and of cerebral palsy were reduced by caf- Abbreviation: WPPSI-III, Wechsler Preschool and Primary Scale of Intelligence III-3rd Edition. a Mean differences were calculated by subtracting the mean value in the placebo group from the mean value in the caffeine group. Lower scores for the Movement Assessment Battery for Children and for Child Behavior Checklist indicate better motor performance and fewer behavior problems, respectively. b Children with a score below 40 (the lowest score on the WPPSI-III) were assigned a score of 39.
feine therapy in the present study cohort. Treatment with caffeine compared with placebo significantly reduced the incidence of both moderate and severe cognitive delay at 18 months, defined as a Bayley II Mental Development Index score less than 85 and less than 70, respectively (Table 1) .
Outcomes at 5 Years
The results for the primary composite outcome and for its components are shown in TABLE 2. Of the 833 children who had been assigned to caffeine, 176 (21.1%) died or survived with at least 1 impairment compared with 200 of the 807 children (24.8%) assigned to placebo (odds ratio adjusted for center, 0.82; 95% CI, 0.65-1.03; P = .09). The rates of motor impairment, severe cognitive impairment, behavior problems, poor general health, blindness, and deafness were not significantly different between the 2 groups ( Table 2) . Only 2 children in each of the 2 groups died between 18 months and 5 years.
A secondary analysis using the full ordinal scale of the GMFCS showed evidence of an improvement in gross motor function associated with caffeine therapy. The common odds ratio adjusted for center for the 5 levels of impairment was 0.64 (95% CI, 0.47-0.88; P = .006; TABLE 3). Better mean scores for total impairment and manual dexterity on the Movement Assessment Battery for Children and better mean standard scores for visual perception and motor coordination on the Beery-Buktenica Developmental Test were likewise associated with random assignment to neonatal caffeine therapy (TABLE 4) .
The rates of moderate cognitive impairment, defined as a Full Scale IQ of less than 85 (Table 3) ; the mean scores for the Full Scale IQ, Verbal IQ, Performance IQ, and Total Problem Behavior T score; and the mean weight, height, and head circumference measures were not significantly different between the 2 groups (Table 4) .
We performed a post hoc analysis of the composite 5-year outcome that included children who were blind, were profoundly deaf, or had GMFCS levels 3 to 5 at 18 months but who were not seen at 5 years. This imputation added 2 and 6 children, respectively, to the caffeine and placebo groups. The odds ratio adjusted for center for this comparison was 0.80 (95% CI, 0.63-1.01; P =.06).
Change in Motor and Cognitive Function Between 18 Months and 5 Years
A total of 1553 children were assigned a GMFCS level at both ages. Of the 30 children with a GMFCS level greater than 2 at 18 months, 26 (86.7%) had a level greater than 2 at 5 years. Of the remaining 1523 children with a GMFCS level of 2 or less at 18 months, 1515 (99.5%) remained unimpaired or mildly impaired at 5 years.
A total of 1419 children underwent successful cognitive testing at both points. Rates of moderate and severe cognitive impairments were much lower at 5 years than at 18 months. Only 33 of the 178 children (18.5%) with a Bayley II Mental Development Index less than 70 at 18 months had a Wechsler Preschool and Primary Scale of Intelligence III Full Scale IQ less than 70 at 5 years. FIGURE 2 shows the gain in cognitive scores between 18 months and 5 years. The fitted regression line suggests that, on average, a child with a Mental Development Index of 70 at 18 months had a Wechsler Preschool and Primary Scale of Intelligence III Full Scale IQ that was almost 20 points higher at 5 years.
COMMENT
We performed the Caffeine for Apnea of Prematurity trial to resolve the longstanding uncertainty about the ben- efits and risks of neonatal caffeine therapy. 24 ,25 Previously, we reported that caffeine improved the rate of survival without neurodevelopmental disability at 18 to 21 months in infants with very low birth weight by reducing the incidence of cerebral palsy and cognitive delay. 6 The present report summarizes the results of detailed assessments of motor function, cognition, behavior, general health, hearing, and vision after the study participants had reached a corrected age of 5 years. Although the observed rates of the combined main outcome of death or disability continued to favor caffeine over placebo treatment, the difference between the groups was not statistically significant. The rates of cognitive impairment were much lower at 5 years than at 18 months and similar in the caffeine and placebo groups. The rates of death, behavior problems, poor general health, severe hearing loss, and bilateral blindness did not differ significantly between the 2 groups.
We conducted the present study because outcomes up to 2 years are not reliable end points for follow-up studies of very preterm infants. 8, 12 We observed a substantial decline in the rate of cognitive impairment in this large, international cohort of children with very low birth weights who were raised in mostly middle-class families. Further examination of the relationship between the individual Mental Development Index scores at 18 months and change in cognitive scores at 5 years regardless of group assignment showed that children with very low scores at 18 months had improved cognitive scores at 5 years, whereas children with Mental Development Index scores above 100 at 18 months had slightly lower Full Scale IQ scores at 5 years. Although this phenomenon may be partly statistical because retesting would be expected to show some regression to the mean, the observed overall improvement in cognition between 18 months and 5 years was striking and likely real. 8, 12 A low Bayley II Mental Development Index score at 18 months may reflect transient developmental delay rather than lasting cognitive impairment. This pattern of change in cognitive performance between 18 months and 5 years has important implications for all outcome studies after very preterm birth and for the future evaluation of the long-term effects of common neonatal therapies.
Very preterm infants are at risk of motor impairment even if they do not develop cerebral palsy. 26, 27 Our supportive analysis of the full ordinal scale of the GMFCS suggested that gross motor impairment was less severe in caffeine-treated children than in controls. Caffeine therapy was also associated with improved scores on the Movement Assessment Battery for Children. Last, children in the caffeine group had better motor coordination and visual perception, although the magnitude of the differences was small (less than 0.2 SD). However, "subtle motor problems are likely to increase when greater demands are put on these vulnerable children" as they progress through school. 28 Further follow-up of our study cohort is in progress at 11 to 12 years and will enable us to examine whether motor performance and visual perception at age 5 years are strong predictors of academic success.
Concerns have been lingering that neonatal caffeine therapy may cause long-term harm. 24, 25 The methylxanthines inhibit 2 adenosine receptors that have been linked to anxious and aggressive behavior in mice with targeted deficiencies of each of these receptors. 29, 30 The absence of any adverse effects in children who were randomly assigned to neonatal caffeine therapy on the incidence of behavior problems or on any other outcomes is reassuring.
In summary, this 5-year follow-up study of participants in the international Caffeine for Apnea of Prematurity trial showed that the benefits of neonatal caffeine therapy on the rate of survival without disability at 18 months were attenuated during child development. The rates of cognitive impairment were much lower at 5 years than at 18 months, suggesting that cognitive delay during the second year of life may not be a lasting outcome after very preterm birth.
